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HZTKOD OF INACTIVATION OF VIRAL AND 
BACTERIAL BLOOD CONTAMINANTS 

fTr-rn nr THE TfTV-NTION 

This invention relates zo the general field cf 
5 biocher.istry and medical sciences, and specif ically 
inactivating viral/bacterial contamination of 
lyophilized or reconstituted blood cell .compositions 
comprising erythrocyres , platelets, etc, or protein 
fractions . 

10 t^^rvr.t^oLrND '^'-'^ T>rVTNTION 

A major concern in the use of stored or donated 
homologous blood or plasma protein preparations 
derived from human blood is the possibility of viral 
and bacterial -contamination. 

Vi-al inactivation by stringent sterilization is not 
acceptable since this could also destroy the 
functional components of the blood, particularly the 
erythrocvtes (red blood cells) and the labile plasna 
proteins. Viable RBC's can be characterized by one 
or more of the following: capability of synthesizing 
AT'- cell morphology; Pcq values; oxyhemoglobin, 
methemoglobin and henichrome values; _MCV, MCK, and 

MCKC values; cell enzy^ie activity; and in vivc 
su-vival. Thus, if lyophilized then reconstituted 
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and viraily inacrivacad ceils ars da-.aced zz zr.e 
exzenz zh&z zhe cells are noz capable cf .-nezabcliz • -r 
or synchesizing AT?, or zhe cell circulazicr. is 
cor.pror.ised, then their utility in transfusion 



There is an irmnediace need zo develop protocols for 
the deacrivarion of viruses rhar can be present in 
the hunian red blood supply. For exanple, only 
recently has a test been developed for Non A, Hon B 
10 hepatitis, but such screening methods, while reducing 
the incidence of viral transmission, do noc make the 
blood supply completely safe or virus free. Current 
statistics indicate that the transfusion risk per 
unit cf transfused blood is as high as l:ioo for 
15 Nan A, Non 3 hepatitis, and ranges from 1:40, 000 to 
1:1,000,000 for HIV, depe'nding on geographic 
location. Clearly, it is desirable to develop a 
method which inactivates or removes virus 
indiscriminately from the blood. 

20 Contamination problems also exist for blood plasma 
protein fractions, such as plasma fractions 
containing immune globulins and clotting factors. 
Tor example, new cases of non A, non B hepatitis have 
occurred in hemophilia patients receiving protein 

2 5 fractions containing Factor VIII which have been 

treated for viral inactivation according to approved 
methods. Therefore, there is a need for improved 
viral inactivation treatment of blood protein 
fractions. 



3 0 The present invention thus provides- method for the 
inactivation of viral and bacterial contaminants 
present in blood and blood protein fractions. 
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Tha cress.-- inver.-icr. provides a -.e-hod for 
virai/ba=rarial inaczivacion cZ dried or 

-'r»d ceils ( ery-Jirocy-ces , olaceie^s, 
5 hencsc-es and other cellular or ceil-like components) 
or blood protein fractions, which allows for the 
cells or protein fractions to be useful in a 
transfusable state, while still aaintaining 
relatively high cell viability, AT? synthesis and 
10 oxygen transport, in the ca^e of cellular components 
and therapeutic efficacy, in rhe case of protein- 
fractions . 

The lyophilization and reconstitution media accordin: 
to the present invention may be utilized to 
lyophilize and reconstitute proteins, particularly, 
blood Dlasma protein fractions. The protein fracticr 
may be' virally/bacterially deactivated by mixing wit.^ 
a chemical sensitizer, lyophilized (f reeze-dried) , 
then irradiated. If the lyophilization media of the 
invention is used, it is contemplated that the 
constituents of the media also serve to provide some 
degree of protection of the dry proteins during 
irradiation. 



15 



20 



25 



30 



A preferred embodiment comprises reducing viral and 
bacterial contamination of dried or reconstituted 
cells with washing solutions containing a polymer or 
mixture of Dolymers having a molecular weight in the 
range of about IK to 3 60 K, followed by one or more 
additional wash cycles using a wash of a dextrose- 
saline solution at a pK in the range of about 
7 0-7.4. The dextrose-saline solution will also 
contain a oolymer having a molecular weight in the 
^ance of about IK to 40K, and preferably about 2.=.<. 
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The ccr.pcsirion of reconstiirutec calls vill also 
preferably ccncain a mcnosacchar ide . 

Preferably the cells will have been previously 
lyopuilized using a lyophilizaticn soiurion buffered 
5 in the range of pH of 7,0 to 7.4 preferably by a 
phosphate-buffered solution. A typical phosphate- 
buffered lyophilization solution vill comprise niono- 
and di-basic potassium and sodium phosphate (usuallv 
in the range of 1-10 mM each) and 5-10 mM adenine. 
10 This solution maintains the pH at around 7.2.' 

A preferred phosphate-buffered solution to be used as 
the lyophilization buffer vill comprise nicotinic- 
acid, reduced glutathione, glutanine, inosine,. 
adenine, raonopotassium phosphate, magnesium chloride 

15 disodium phosphate all of which vill serve as a basic 
salt buffer at a pH of about 7.2. In addition this 
lyophilization buffer vill contain a final 
concentration of about 26* weight by volume of a 
monosaccharide, preferably 1.7 H glucose, and a final 

2 0 concentration of about -3.0% weight by volume of 
polyvinylpyrrolidone (average molecular weight of 
3 60K), and a final concentration of about 15* weight 
by volume of hydroxyethyl starch (average molecular 
weight of 500K) . ' 

2 5 The term lyophilization is broadly defined as 

freezing a substance and then reducing the 
concentration of the solvent, namely water, by 
sublimation and desoirption, to levels which will no 
longer support biological or chemical reactions. 

3 0 Usually, the drying step is accomplished in a high 

" vacuum. However /- with respecr to the storage of 
cells- and particularly erythrocytes, the extent of 
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,-.,0 -r- c: residual r.cisv-ra) is c: 
~ . ^-nnr-nc» in -lie abili-y of cells zo 

.."i-ns-^nd long-cerB scorage ac r=oa -.en.pera.ure. 

,.0 . residual water content o£ less than 
, ^VophiUzed to r ^^^^ ^^^^^ 

" Id ; 'transiusa.le, therapeutically useful 

ut -Ith a.out ^ -ei,ht , «ater content 

. ,=Hure may be stored for up to tvo 

using this procedure »ay .^^^^ 

10 weeks at rooo temperature, and a- f - . 

e^ght .onths, without decomposition This far 
«ce»cs the current A.A.B.B. standard .or 
Te la rated storage of red *lood cells of six wee.s 
or less than one day at roo« temperature 
.►i^n These dried cells nay be 
Without ° J/al sensitizer described 

deactivared using a cnea-^i 

herein . 

. . -h. Brefe'red embodiment of the present 
.ccordin, ^^^^^ ,,,od cells are mi.ed 
invention the wasneu y -.move 
, ^^4^1 ror then washed ro remove. 
20 with a chemical sensitizer, ta v,„-r=rial 
<.„si-izer not bound to viral or bacterial 
excess „Us are then 

„.=ieic acic, nc th^ ^^^.^^^^ 

" '':r: rte l r d -ed, typlcany with gamma 

will then be „j ^^out :K-50K rads, for 

„ radiation, at an int s«y ^^^^^^ , ^„ 

, P«i=^ =Tsin - sanded or double-stranded 
particular, the "nj ,„,3,„,i,i adverse 

^./OH. -ru«s . - ^^^^^^^^^^ 
affect on .he reco „diation such 

3 0 Other wavelengths o£ eie 
as X-rays, may be used. 

another preferred embodiment, the chemical 
■sensitizers-maybe-addedto li^id protein 
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preparacicns, -.-.en lyochilizsc ar.d 1 — = -:. 
Parcicuiariy preferred are blood pro'^ein"^'" 
prepara-ions, including buc noc 11= — sd 'ro - 
proteins, blood protein extracts, cictr n.-r ' -iZ-!! 

(such as Facuors Vt^t -^va 

awuu^s vx^i and xX) , inaune giobuiins ^ 

serua aibuinin. 



Dry (lyophilized) - cells or protein fractions =iay • 
directly niixed with the chemical sensitizer, then 
irradiated. 



10 



15 



From the foregoing description, it viU be -ea^^-ze 
that the invention can be used to selectively b'rd 
metal atom or a metal atom containing cheaicli 
sensitizer to blood-transmitted viruses, bacte>-ia 
parasites. Also monoclonal or polyclonal antibody- 
directed against specific viral antigens (eithe>- c 
proteins or envelope proteins) may be covale-tW 
coupled vith either a metal atom or a metal atom- 
containing sensitizer compound, therebv increase" nc 
the effective cross-section of the contaminant to' 
20 penetrating or other forms of radiation energy. 

Since cell -compositions also comprise a variety of 
proteins, the method of decontamination of cells 
described herein is also applicable to protein 
fractions, particularly blood plasma protein 

25 fractions, including, but not limited to, fractions 
containing clotting factors (such as Factor Vlli anc 
Factor IX) , serum albumin and/or immune globulins . 
The viral and bacterial inactivation may be 
accomplished by treating a protein fraction vith a 

30 sensitizer as described herein. A protein fraction 
which has been lyophilized and reconstituted may be 
sensitized and irradiated to deactivate possible 
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cor.ra--.acion. I- is c=n we-.?laced thac liquid ar.. 
frczan protein frac-ions isay also be ceccr.::a- ir.a tad 
according -a the present invention. 

Deoending upon the nature of the presumed radioiytic 
5 mechanisTa of the sensitizer reaction with the virus, 
other types of radiation may be used, such as X-ray, 
provided the intensity and power utilized is 
su^^icient to inactivate the viral contamination 
without adverse effect on the. cells. Mature human 

10 red blood cells and platelets lack nucleic acids; 
therefore the nucleic acid binding sensitizers 
selectively target contaminating- viruses and 
bacteria. Although described in connection with 
viruses, it will be understood that the methods of 

15 th- present invention are generally also useful to 
any biological contaminant found in stored blood or 
blood products, including bacteria and blood- 
transmitted parasites. 



20 



25 



30 



The cells are preferably prepared by immersing a 
plurality of erythrocytes, platelets and/or 
hemosomes, etc. • in a physiologic buffered aqueous 
solution containing a carbohydrate, and one or more 
biologically compatible polymers, preferably having 

— iae Bv the term amnhipathic it 
amDhioathic properties. By tne t . 

is* meant there are hydrophobic and hydropniUc 

portions on a single molecule. This immersion is 

-ol^owed bv freezing the solution, and drying the 

frozen- solution to yield novel freeze-dried 

erythrocytes containing less than 10%, and preferably 

about 3% or less by weight of moisture, which, when 

reconstituted., produce a significant percentage of 

viable, transfusably useful red blooa ceils. 
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platelecs or heniosomes. Preferred raenhocs cf 
reconsticucion of the lyophiiized ccrnposi-ion are 
described beiov. Although described in ccnneczion 
with red blood cells, it viH be understood that the 
5 methods are generally also useful to iyophilize 
platelets, hemosomes, and blood protein fractions. 

The carbohydrate utilized to prepare erythrocyte, 
platelet and/ or hemosome compositions according to 
the invention is biologically compatible with the 

10 erythrocytes, platelets or hemosomes, that is, non- 
disruptive to the cells or hemosome memhrane, and one 
which permeates, or is capable of permeating, the 
membrane of the erythrocytes, platelets or hemosomes. 
It is also advantageous to stabilize proteins, 

15 especially labile blood proteins, with the 

carbohydrates during lyophilization -and irradiation 
according to the invention. The carbohydrate may be 
selected from the group consisting of 
monosaccharides, since disaccharides do not appear to 

2 0 penaeate the membrane to any significant extent. 

Monosaccharide pentoses and hexoses are preferred as 
is a final concentration of from about 7.0 to 3 7.5 
weight % in phosphate buffered saline (PBS) or a 
phosphate buffered solution, preferably about 26%. 
25 Xylose, glucose, ribdse, mannose and fructose are 
employed to particular advantage. 

It will be understood that the cells may be 
lyophiiized using other protocols and irradiated as 
described below. Although viral inactivation will be 

3 0 attained, the advantage of retaining a. significant 

percentage- of viable useful red blood cells, is lost 
if the described lyophilization procedxira is not 
followed. 
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Tha inven-ian will be hereafter described in 
connec-icn vith erythrocytes (RBCs) bu- i- --ill be 
understccd it is also applicable to platele-s. 

, r,^hor- blood cell types or biolocical 

5 cells, as well as protein fractions, particularly 
plasuia protein fractions. 

The erythrocytes will preferably be prepared fror. 
whole blood centrifugation, renoval of the plasna 
supernatant and resuspending the cells in P3S- or a 
10 phosphate buffered solution or a commercial dextrose- 
saline solution. This wash cycle may be repeated 2-3 
times preferably using a comercial dextrose-saline 
solution, then the packed cells are diluted with the 
lyophilization buffer described above so tha.t the 
final diluted concentration of carbohydrate and 
polymer are maintained in the necessary ranges. 



15 



Alternatively, commercially available packed blood 
cells may be used, which typically are prepared in 
C?DA (commercial solution containing citrate, 
20 phosphate, dextrose and adenine) . 

upon lyophilization "to a moisture content of less 
than 10%, and preferably less than 3%, the 
lyophilized cells may be maintained under vacuum in 
vacuum-tight containers, or under nitrogen or other 
25 inert gas, at room temperatures for extended periods 
of time in absence of or without significant 
dearadation of their- desirable properties when 
reconstituted for use as transf usable ceils. In 
using the preferred lyophilization method disclosed 
3 0 herein, a Darticular advantage of the present 

invention is that tiie lyophilized cells may be store. 

at room temoerature for extended periods of time. 
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thus ccvia-ing zr,e need for low cerperature 
refrigeracion which is required for staring liquid 
CPDA preserved red blood cells prepared by mechbds of 
Che prior art. The present invention also obviates 
5 the need for very low temperature (-80 «C) frozen 
srorage of red blood cells in glycerol. 



By using the preferred reconstiturion method 
disclosed herein it is a further advantage that the 
lyophilized red blood cells may be reconstituted at 

10 normal temperatures, I.e. greater than about ^^'C up 
to about 37 «C; which corresponds to normal human body 
temperature, and preferably at room temperature 
(about 22*'C). The reconstitution medium is ' * * 
preferably a solution comprising a polymer or mixture 

15 of polymers having a molecular weight of from about 
2.5K to 3 60 K, preferably 5K to about 360K, present 
in a concentration in the range of about 12 to 3 0% 
weight by volume. This polymer may be the same 
polymer utilized to lyophilize the red blood cells as 

2 0 described above. Hence the polymers 

polyvinylpyrrolidone, hydrojcyethyl starch, and 
dextran are particularly preferred and most preferred 
is polyvinylpyrrolidone (preferably molecular weighs 
about lOK) present in a concentration of about 19% 
25 weight by volume in the reconstitution solution. The 
reconstitution solution will be buffered again 
typically by phosphate-buffered solution comprising 
monopotassium phosphate and disodium phosphate as 
described hereinabove to maintain a pH within the 

3 0 range of about 7.0 to 7.4. The most particularly 

preferred polymer is polyvinylpyrrolidone of an 
average molecular* weight of about lOK. The" most 
preferred reconstitution buffer will also contain 
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adencsins rriphosphace (AT?) in a final c=r.cer.-r a - icr. 
of abouu 5~J^. 

The pciyuiers may oe prei.e.i-- x.* v=.^xo.^- 

frorn a final concenrration of about 3.6K veighc % up 
5 to saturation, and have a molecular weight in the 
range of from about 2 . 5K to about 360K. Preferably, 
the Dolymers have molecular weights in the range of 
from about 2.5K to about 500K, most preferably from 
about 2.5K to 50K, and are present in a concentration 
10 of from about 3.6 weight % up to the limit of 

solubility of the polymer in the solution. Polymers 
selected from the group ccns-isting of 
polvvinvlpyrrolidone (?VP) and polyvinylpyrrolidone 
derivatives, and dextran and dextran derivatives 
15 provide significant advantages. Most preferred is 
the use of polyvinylpyrrolidone (an amphipathic 
polymer) of average molecular weight in the range of. 
2.5-360K in an amount in the range of 3-20% weight by 
volume in the solution prior to lyophilization. 
20 ;:-.ino acid based polymers (i.e., proteins), dextrans 
or hvdroxyethyl starch may also be employed. In the 
WoDhilization buffer hydroxyethyl starch (M-HZS) 
with an average molecular weight of about 500K is 
emoloyed in a 15* weight by volume final 
25 concentration. Other amphipathic polymers may be 
used, such as poloxamers in any of their various 
forms The use of the carbohydrate-polymer solution 
. in\he ivoohilization of red blood cells allows for 
r^e recovery of intact cells, a significant 
30 percentage of which contain biologically-active 
hemoglobin . 

-he most* preferred reconstitution buffer will be a 
solution comprising Bonopotassium phosphate, dis=di-.im 
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phosprara and AT?, all cf vhich zzrz a basic salt 
buffer az a pH of abcur 7.2, vnich also concair.s 
abouz 191 weight by volusie of polyvinylpyrroliccne 
(average molecular weight about lOK) . 

5 The reccnstitution solution may also optionally 

contain a monosaccharide, preferably present in the 
concentration range of about 7.0 to 37.5* weight bv 
volume. The preferred monosaccharides are xylose, 
glucose, ribose, mannose and fructose. 

10 In the most preferred embodiment, the lycphilized 
erythrocytes can be reconstituted by mixing with an 
equal volume of the reconstitution buffer at -a 
temperature of about 37*C and mixed. By "equal" it 
is meant that the volume is the same as "the starring 

15 volume prior to lyophilization. After initial 

reconstitution, the solution is preferably diluted 
1:1 with 1-4 additional volumes of the reconstitution 
buffer at a temperature of about 37**C with added 
mixing until fully hydrated. 

20 Then, it is preferred that the rehydrated cells be 
washed according to the following procedure. It is 
realized, however, that once the cells are 
reconstituted with reconstitution buffer they are in 
a hydrated and useful fona, but the combination of 

2 5 washings described hereinafter are preferred, 

specifically for clinical purposes. 

After separating the cells from the reconstitution 
buffer by centrif ugation, the resulting packed cells 
are preferably resuspended at room temperature in 

3 0 (approximately the volume used in the initial 

reconstitution) a wash buffer comprising nicotinic 
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acid, ir.osine. adenine, cLu-2r.ine, and r.acnesiu:= 
chloride, all present ac abouc O.n-iOrJ^ rurzner 
ccu-prising sodium chloride and pouassiun chloride 
elch a- about BOiruM, buffered by 10r.M disodiurn 
5 phosohace ro pH 7.2. This vash buffer further 

coaprises a monosaccharide, preferably glucose at a 
concentration of about 20mM, and a polymer, 
preferably polyvinylpyrroltidone, of a molecular 
weight 40K and present at a concentration of abouc 
16% weight by volume. Separation by centrif ugation 
comoletes the first post-rehydration step, a washing 



10 



steD. 



Af-e- the washing step the rehydratec cells may be 
•susoended in a dextrose-saline transfusion buffer ar 

5 ^oom temoerature which preferably contains 

oolyv^-nylovrrolidone at a 10% weight by volume final 
concentrarion, with an average 2.5K molecular weighs 
The cells can be used as is or be returned to 
autologous plasma. Additional wash sreps in a 

,0 mhosohate-buffered diluen. buffer can further remove^ 
viruses, but this step is optional for preparation or 
rehydrated, transfusible cells. 

The .econstitution and washings described above will 
in most instances achieve about 4 log reduction of 
25 any viral and bacterial contamination, where 1 log 
reducrion is achieved by drying and 3 log reduct:ion 
is achieved by washing. Of course, different viruses 
may resoond differently, potentially resulting m 
more than 4 log reducrion of contamination. 

. > 

30 The reconsricured «Us-have charaorerisrics which 
render .hen -.ranstusabU and useful tor therapeutic 
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purposes in rhac their properties are sinilar zz z'r.az 
of. fresh (I.e. not previously lyophiiized; red clocd 
cells. Typically reconstituted red blood ceils 
according to the present invention have an 
^ G xyhSiUcg 1 ch m content greater than abou^ 90% of that 
in nornal red blood cells. Hemoglobin recovery prior 
to any washing step is typically in the range of so 
to 85%. The overall cellular hemoglobin recovery 
including the post-hydration washing steps is about 
10 20 to 30%. The morphology of the reconstituted cells 
according to. the present invention (by scanning 
electron microscope) typically shows no holes or 
gaps, and primarily discocytic with some stomatocytic 
morphology. The oxygen carrying capacity of fresh 
15 red blood cells (as measured by P;q, the oxygen 

partial pressure at which 50% of the oxygen molecules 
are bound) was measured to be in the range of about 
26 to 28 (average 26.7); with an average Hill 
coefficient (a measure of the cooperative binding of 
20 oxygen molecules to native hemoglobin) of 1.95. The 
typical p.Q for erythrocytes lyophiiized and 
reconstituted according to the present invention is 
about 27.5 (average) with an average Hill coefficient 
of 2.08. Assays of ATP in the reconstituted cells 

2 5 indicate ATP levels suggesting normal ATP to ADP 

metabolism. Normal hemagglutination by readily 
available blood typing antisera of red blood cells 
made according to the present invention is also 
typically found. 

3 0 This lyophilization and reconstitution procedure 

advantageously and significantly diminishes viral/ 
bacterial contamination in cell-like material (such 
as.; hemosomes) , and protein fractions. The 
contamination can be further reduced by the radiation 
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10 



15 



20 



25 



sensi-izinc and crsacnier.c, particular! 
ce 



; 1 



lis cr orocein fractions are in zhe cry s-ace 



30 



i — ^=,^von r-pH blood cells or proceias 

(which aiay initially be in a liquid or lyophiiized 
state) are mixed with a sufficient amount (based on 
total vet weight of cells) of a chemical sensitizer. 
Preferably, in a composition of packed red blood 
cells (about 10% hematocrit) about 0. 1 to 1 mg of the 
chenical sensitizer will be aised per ml of packed 
cells. Preferably, the mixture will be irradiated 
vith gairjna radiation in the range of . 3K-50K_rads , 
typically about 3K rads. Preferred exposure. is from 
1 -10 minutes, if using gamma radiation. _ 
All^natively, UV light (3 20 nm) may be used, 
particularly for protein fractions. Preferred 
exposure is from 1-10 minutes, preferably 3 minutes, 
if" using UV radiation. 3y this irradiation in 
presence of a sensitizer, there will be about a 6 log 
reduction of viral and bacterial contamination, based 
on contamination present prior to washing and 
irraciarion'. 

The present invention provides a selective method of 
generating free radicals derived from chemical 
sensitizers only in the vicinity of viral RNA or DMA. 
indiscriminate radiolysis of blood containing vir^s 
in a hydrated state produces hydroxy 1 radical. 
However, the hydroxy 1 radical will damage both the 
red blood cells and associated proteins as well as 
the v-al target. Thus, viral inactivation would be 
ach^-eved at the sacrifice of red cell viability, 
-he-e^ore, sensitizers which bind to DKA and/or HNA 
and whictx can be selected to generate radicals upon 
^--adia-'on, are required. Since the radiolysis can 
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-lo- 
be perforiaed in Che dry scace (preferabiv less rh^- 
10% residual moiscure) , generation cf hvcroxyl 
radicals from water is greatly reduced. in this 
manner indiscriminate radical damage is further 
5 ' prevented. Exemplary compounds include: 




•rtc\ 



The preparations of these compounds are Jcnovn. See 
Martin, R.F. and Kelly, D.P., Aust , J. chem , . 32 , 
2637-46 (1979); Firth, W. , and Yielding, j. 
Org . Chem., 47, 3002.(1982). Other radical - 
10 ' generating reagents which generate radicals upon 
irradiation are disclosed by Platz et a^. , Proc . 
SPTE-Tnt, Soc. Ot3t. Eng . 847, 57-60 (1988) and 
Kanakarajan et 5I. , JACS 110 6536-4L (1988) . 

The radiation-sensitizing compound (vhich may also be 
15 modified to bear a metal atom substituent) may also 
be selected from the class consisting of DNA-binding 
■drugs, including, .but not limited to, netropsin, 3D 
peptide (a consensus peptide, ^from HMG-1) , S2 peptide, 
and the like. These- and other DNA-binding drugs are 
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5 T^.s radia-icn sens-cizi.ig ccECOur.d (•-•^.lc^. r.ay alsc 
bear a necai aeon), can also comprise a class cf ZSA- 
bir.dir.q pro-eins and/or polypepcides anc/cr pep-ide; 
£xa-=les of -.^is class of DKA-cindi-g ?r=-eir.s a.-.d;: 
=clype?-ides and/or peprideg. are disclosed in 
IC C^.•-:r*c^."ill. H.E.A. and Travers, A. A. (1S = 1) Trends i: 
2iccr.e=:ical Sciences il, 92-97. Specific exa.-ples : 
3N'A-i:ir.dinc peptides include, r^-e SZ ?ep::-de and 
pec;:ide disclosed in zhe. reference herein. 

The DNA-binding specificity can tje achieved by 
15 covalencly coupling the radiation sensitizing 

cor.pcund a.nd/or metal aroa to either a DNA-bi.-.ding 
drug or to a DKA-binding protein or polypeptide cr 
oeotide . 



20 



VI 

Setroosin 



VII 
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Ochsr sensitizers include specially designed 
r.olecules vaich zcr^z rriplex DMA, such as chose 
disclosed by Youncquisc and Dervan ?VA.s 9 2 2555 
(19S5) ; Van Dyke and Dervan, Science 22 5 1122 (1934); 
5 Van Dyke and Dervan, Muc. Acids Res , li 5555 (1953); 
Barron and Raphael, PKAS 82 6460 (1935); Barron e^. 
al., JACS 106 2172 (1984); and Barron, ?N'A5 31 1961 
(1984) • These molecules bind to DKA and RNA, sire 
specifically, if desired, and carry reacrive noieries 
10 which can generate free radicals in the proximity of 
the DNA or RNA. 



R-I -r e" - R • I" 
R-I** ^ Guanine - R-I ^ Guanine . 

While not intending to be bound by a theory, ir is 
15 believed that the ejected electron vill be captured 
by that site with the nost favorable electron 
affiniry, vhich is most likely a second molecule of 
sensitizer elsewhere in the sample. Electron capture 
by R-I (or R-3r) leads to dissociation of RX wirh the 
20 formation of a radical. The radical so generated 

will absrracr a C-H hydrogen arom from a sugar moiety 
of a nearby nucleic acid which in rum will lead to 
DNA or RNA cleavage and viral inactivarion . 

The radical cation of the sensitizer (R-X**) will 

2 5 eventually abstract an electron from thar componenr 

of the sample with the most favorable oxidation 
potential • This is most likely guanine. The 
electron transfer reaction forms guanine radical 
cation- This subsrance will react with upon 

3 0 reconsritution with aerated H20, This process also 

leads to DNA cleavage and viral inacrivarion* 
Unreacred material and reaction by-products will be 
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ran:ovsd during -he vasr.inc seeps invc.vec m cr.e 
reccr.seicucion c: -r.a lycphilized calls -Table 2). 
This process will also fur-her re-.ove any virus nc" 
inacrivaced by Che creaTiaenc described above. 

Ccr.pounds (1) and (2) bind tighrly to DMA and RNA by 
either intercalation and/or by electrostatic 
interactions between positively charged anuaonium ion 
groups and the negatively charged phosphate groups cf 
the nucleic acid target. R.ed blood cells do not 
contain nucleic acids and accordingly vill not bind 
to such compounds- by intercalation. 



The bes- ziode for using the invention is to add rhe 
sensitizer'to potentially contaminated blood 
solutions, and to expose to ganaa radiation or x- 

15 rays. Fluid solutions of blood are preferably 

exposed to 3000 rads, and dried lyophilized solid 
foriaulations are preferably exposed to 10,000 rads of 
radiation. It is known that the red cells will 
survive these doses of radiation in the absence of a 

20 se.isitizer. Lyophilized blood can withstand higher 
dosage levels of radiation than hydrated blood. 

The ganma radiation or x-ray will be absorbed 
primarily by the heavy atom of the sensitizer, whici 
will be bound ro viral DNA or RNA. The radiation 
25 will ionize the sensitizer as follows: 

+ y-Ray — R-I" e' 
(X-Ray) 

in some instances, particularly if the sensitizer and 
^ed blood cells are allowed to stand together for 
3 0 more- than several minutes, sensitizers may diffuse 
^•nto the red blood cells prior to lyophilization . 
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Antioxidancs such as giurachione (an excsiier.z 
hydrocen arom doner) .may be added zo zhe creparat :.cn 
Co aucTien- zhe red cell defenses against free radical 
initiated damace. It will be understood that 
5 incorporation of the sensitizer into cells will also 
allow inacrivation of intracellular viruses, 
especially viruses thought to^ reside inside vhite 
blood ceils (siost packed red. blood cell units contain 
residual vhite cells) , or intracellular blood 
10 parasites, such as malaria parasite which infects red 
blood cells . 



The sensitizers are removed from the reconstituted 
blood serun or protein fraction by the washing 
protocol de^scribed above for lyophilized cells. 

15 It is preferr ed that gaiama or X-ray radiolysis take 
place in a dried lyophilized blood (or protein) , 
virus, and sensitizer formulation rather than in a 
vet, fluid material for several reasons. Firstly, 
the dry material is less sensitive to radiation and 

20 can be exposed to larger doses of y-rays or other 
penetrating radiation vithour damage to red blood 
cells (Table 1) • This increases the extent of 
radiolysis of the sensitizer. Secondly, sensitizer 
radicals bound to DNA or RNA in the dry state can not 

25 dissociate from the virus due to the lack of 

diffusion in the solid material. This will force the 
sensitizer radical to react with viral RNA or DNA. 
Thirdly, the solid state conditions will enhance 
hydrogen acorn transfer reactions of the sensitizer 

3 0 radical with the viral nucleic acid, perhaps by 
quantum mechanical tunneling. Fourthly, the 
reconstiturion and washing protocol used with 
lyophilized blood or protein fraction serves as a 
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niear.s zo rsniove unrsac-ed maceriai ci 
by-?roduc-s, and ' further renoves any vir-s ncr 
af fscced by zhe tiraatiaent: (Table 2) . 

C-cher cypes of radiation may be used including 
ionizing radiation in general, such as X-ray 
radiation. In one enbodiment a aetal atoa may be a 
substituent on a chenical radiation sensitizer 
molecule which binds to nucleic acids, thereby 
targeting the embodiments such as bacteria, parasites 
and viruses. Metal atom substituents of chemical 
sensitizers for this purpose include Sr, I, Zn, Cl, 
Ca and F. The X-ray source_is preferably a tunable 
source, so that the radiation may be confined to a 
narrow wavelength and energy band, if so desired. 
The tunable feature allows for optimization of energy 
absorption by the metal atoms, thereby directing the 
absorbed penetrating radiation energy to the 
production of radicals by a chemical sensitizer bound 
to nucleic acid. 

The present invention is applicable to contaminants 
which conorise single or double-stranded nucleic acid 
chains, including RNA and DNA, and viruses, bacteria 
or other parasites comprising RNA and/or DNA. 

TO illustrate the invention, red blood cells were 
25 lyoDhilized as described above, irradiated, and 

tested for erythrocyte characteristics measured. The 
results are shown in Table 1. The same procedure was 
then used, except that the bacteriophage T4 (in 
dext-ose saline) was mixed with the cells and then 
30 washed successively with four different wash buffers. 
The results are shown in Table 2. 



20 



wo 91/16060 PCr/US91/02504 

-22- 

Table 1: Influence of irradiation on ivoohilizec 
recans- iruced red blood cells. Doses as hich as" 
20,000-50,000 rads do not affect cells in the arv 
state according to the parameters assayed after 
5 reconstitution and listed below. 

Exocsure of Lvoohilized Cells to Gairuna Irradiation 

* Percentage of Control 

Dosage Level 20;000 rada 50.000 rada 

Hb Recovery 100 99 

10 oxy Hb No Change frora No Change from 

startiag value smarting value 

Cell Indices . 

MCV 99 98 

MCH 1-00 100 

MCHC 100 100 

15 Metabolism 

AT? 79 79 

(Minol/g Hb) 

Lactate 8 6 79 . 

(Miaol/g 

20 Hb/Hr) 

* Control cells were non-irradiated, . lyophilized 
reconstituted cells • 
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Tabie 2: Reduction in viral titre as a fur.cticr. c: 
washincr of the red cells. The procedure used m 
■reconstituting the lyophilized cells involves several 
washing steos which also reduce the viral titre. 



H a 



Id 



20 



f reduction with each wash decreases unti^ a 



extent o" ' _~ ---"-^ 

oracticai limit is atwained. Thia represents 
aDDroxir.ate 4 log reduction in viral titre. 



v?>'^h.[p.a ProfQCQl P.eduction of Vira l Load in 3Iood 

Total Amount 

puffer wash Step of Virus Loc Reduction 

10 Experiment 1 

(non-lyophilized 

cells) 

Reconstitution 7.3 Ox lo'' 0 



Wash 4.80- X lO** 3.2 

Diluent 2.08 X 10^ "3.5 

Transfusion 3.50 x 

Experiment 2 
(lyophilized 
cells) 



10* '3.3 



Lyophilization 


3 . 68 


X 


108 


0 


Reconstitution 


2.11 


X 


107 


1.2" 


Wash 


2.38 


X 


104 


4.2 


Diluent 


2.00 


X 


104 


4 . 3 


Transfusion 


4.06 


X 


104 


4.0 



25 In Experiment 1, the effecrs of lyophiLizarion on 
viral reduction are not included. In ^eriment 2 
these effects are included. The marker virus used m 
Ihlsl cases was bacteriophage T4 . The exrent of 
JeduJtion was determined using the plaque assay. 

3 0 "This shows an additional about 1 log reduction of 
contamination due to the drying .step. 
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Packed hur.an red blood cells purified from conacsd 
whole blood are washed free of zhe ancicoaguian- 
storage solution (commercially available C?DA, 
5 containing citrate/phosphate/dextrose/adenine) , and 
suspended in dextrose-saline at a 10% hematocrit. 
Approximately 10 ml of washed packed red ceils is 
placed in a quartz chamber and exposed to U.V. light, 
preferably at 320 nm, for 2 minute time intervals, up 

10 to a 10 minute total exposure. At each 2 minute^ 

interval the suspension is mixed and a small sample 
of red cells (10 microliters) is removed and diluted 
into 2 ml of water for spectrophotometric assay of 
hemoglobin. At each step the temperature of the 

15 irradiated red cell suspension is measured, to. ensure 
that the suspension did not overheat. At no point 
did the suspension exceed 2 6 degrees C (normal body 
temperature is 3 7 degrees C) . Untreated red cells 
contain a high proportion of functional oxyhemoglobin 

2 0 (oxyHb) , usually in the range of 9 6% or higher. 

Oxidation, damage can form a semi-stable methemoglobin 
species (metHb) , which can normally be reduced back 
to oxyhemoglobin by a cellular repair enzyme. 
Hemichrome represents a more severely damaged form, 

2 5 and can be irreversible. Normal red cells can 

tolerate a moderate level of methemoglobin. 
Hemichrome degradation can produce free heme, the 
iron-porphyrin component of native hemoglobin, which 
is damaging to cell membranes. Thus it is desirable 

3 0 to minimize hemichrome levels. Each hemoglobin 

species can be detected at a specific wavelength, 
using a standard spectrophotometer. 

The following data show the sensitivity of the 
hemoglobin to damage by the increased U.V. exposure. 
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T -.~..ros was judged be usaais 
An exposure or 3 .u^. s -j. j - 

withou. ir,.ni==ina exce^ive da=ace c= red olocc 



^ £5 1 1 C 



10 



EXPOSURE 
(Mi nures) 


% 


% 

MTTH3 


% 


0 


96.6 


3.4 


0 


2 


90.2 


7 . 5 


2 . 3 


4 


84 . 5 


13 .4 


2 . 1 


6 


76.7 • 


22.5 


0.9 


8 


72.6 


27.4 -• 


0 


10 


- 66.4 


33.6 


0 
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/n ^ nil of bacteriophage laabda or 
L=.erio=ha,e phi-X17., ot at least lOEV P.-W^l, - 
seoarate'ly added to 4 ml =t ^"--;'"-!!';^%,, 

susoension of ba«eriop.a,e with a rad.a..on 
,=nsi-<2ing comDOUnd is then exposed to bW. 
"""" ^. - wavelength (320 na) m a 

„diat.on o£ ''^^ P^^;" (3 Minutes,. A 

cTua^rz chamber for u-ne pte- 

^n'trol sample Of each bacteriophage suspension, 

-^,-*irer is not exposed to U.v. 
^«r.^-a\nina a sensitizer, » . 

lio" serial dilutions are performed to ouant.tate 
he level o. Infectious titer, and ali<Juots of the 
va i u ac„riophage samples are then 

.nd st:read on nutrient agar. rollow.ng 
r::r:ri";:-tr -od. the P^tes are assayed for 

, othe^' bacteriophage suspensions are 

' :! "-y i-adiated as above, but vithou. added 

to demonstrate the effec-- of this dose of 



30 

sensi 
a.V. alone. 
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Ice 10 ^o^' ^ 



I (X=I) 

II 

No contDcund 



or.i-Yi 7 
>o . 0 

4.0 

1.7 

2-3 



>6 . C 
>6 . 0 
>6. 0 
2-3 



Fron these data it can be seen that all t.hree tesced 
compounds significantly increase the sensitivity o^ 
double-stranded DNA viru^ (lambda) to C'.V.. cf zhe 
preferred exposure. Compound I is also effec-ive 
against a single-stranded DNA virus, phi-.xi74. 
Compound I is most preferred, shoving a high (ar 
least 6 log reduction) inactivation efficacy aca'inst 
both single-strand and double-strand DNA Viruses. 
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1. A process c: reducing viral ar.d/cr cacceriil 

conia-inacicn in a dried or reccnsrivazed cc-posiiicr 
cor-prisinc red blood cells, placsle-s, and/cr 

5 prorains comprising: 

uiixing said composition wich a sufficient 
volume of a phosphate-buffered reconstitution 
solution to form a mixture, wherein said 
reconstitution solution has a ?K in the range of 

10 about 7.0-7.4 at a temperat'^re in the range of abou- 
15-50"C, said reconstitution solution further 
comprising a final concentration of abour 0.7% by 
weight- u? to the saturation concentration of a 
poller or mixture of polymers having a molecular . 

15 weight in the range of about IX to 3S0K, 

separating said red blood cells, platelets 
and/ or proteins from said mixture by centrif ugation 
and washing by at least one wash cycle by 
resusoending said red blood cells, platelets and/or 

20 proteins in a dextrose-polymer wash buffer solution 
at a pH in the range of about 7.0-7.4 and separating 
bv centrifugation to produce substantially 
decontaminated red blood cells, platelets and/or 
proteins . 

25 2. A Drocess according to Claim 1 further 

comDrising the step of f reeze-drying said 
decontaminated red blood cells, platelets and/or 



oroteins 



3 . A process ac 

3 0 said polymers are amphipathic 



cording to Claim l or 2 wherein 
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4. A process according zz Clai^i l 
said pciyrisrs have a noiecuiar veichr 
abouc 2.5K -o 500K. 

5. The process of Claim 1 or 2 wherein said 
5 composition further comprises a monosaccharide 

selected from the group consisting of xylose, 
glucose, ribose, mannose and fructose, 

6. The process of Claim 1 or 2 wherein said 
mixrure of polymers comprises polyvinylpyrrolidone 

10 and hydroxyethyl search- 

7. The process of Claim 5 wherein said -pclymer 
comprises polyvinylpyrrolidone. 

8. The process of Claim 7 wherein said 
polyvinylpyrrolidone has an average molecular weight, 
of about lOK. 

9- The process of claim 7 wherein said 

polyvinylpyrrolidone has an average molecular weight 
of about 4QK. 

10, The process of Claim 7 wherein said 

2 0 polyvinylpyrrolidone has an average molecular weighr 
of about 360K. 

11. The process according to Claim 6 wherein said 
hydroxyethyl starch has an average molecular weight 
of about 500K. 

25 12. . A process according to Claim 1 further 

comprising the steps of contacting said composition 
with at least one chemical sensitizer selected from 
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-v^g ccr.sLszir.c cf conipcuncs -T.icr. cmc zc 

Ind/cr ar.d are capable c: selectively cer.erat." 

free radicals upon exposure za radiation, and 
exposing said composition to radiation cf sufficient 
5 wavelength and intensity for a period of tinie 

sufficient to cause said sensitizer to further reduce 
viral and bacterial contamination in said 
composition. 

13. process according to^ Clain 12 wherein said 
10 composition comprises red blood cells. 

14. A process according to Claia 12 wherein said 
conpcsition comprises platelets. 

15. A .process according to Claim 12 wherein said 
composition comprises blood plasma proteins. 

15 16. A process according to Claim 12 wherein said 
radiation comprises gamma radiation. 

17. A orocess according to Claim 12 wherein said 
contamination comprises single- and/or double- 
stranded- type viruses'. 

20 18 A process for reducing viral and/or- bacterial 

contaminations in a protein composition comprising 
the steps of contacting said composition vxth at 
least one chemical sensitizer selected from the group 
consisting of compounds which .bind to DNA and/or HKA 

25 and are caoable of selectively generating free 

radicals uoon exposure to- radiation, and exposing 
said conoosition to radiation of sufficient 
wavelength and intensity for a period of time 
su'-c^ent to cause said sensitizer to further reduce 
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virai and caccerial car.raziinar icn in said 

19. A process according to Claia I5 vherein said 
co.-npas i tion comprises biood proceins. 

3 20. A process according to Claia 19 wherein said 
coniposiwion is in a lyophilized form, 

21, A process according to Claim 19 wherein said 
composition is a blood protein liquid fraction. 

22. A process according to Claim 19 wherein said 
10 composition comprises immune globulins. 

23. A process according to Claim 19* wherein said 
composition comprises blood serxim albumin.' 

24, A process according to Claim 19 wherein said 
composition comprises a clotting factor. 

15 25. A process according to Claim 24 wherein said 
clotting factor comprises Factor VIII. 

26. A process according to Claim 24 wherein said 
clotting factor comprises Factor IX. 

27. A process according to Claim 18 wherein said 
20 radiation comprises gamzaa radiation. 

28. A process according to Claim 18 wherein said 
contamination comprises single- and/or double- 
stranded-type viruses 
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29. A 3ubs-an-iaily virally and Gaczerially 
decc.-.za-ir.arad lyochiiizsd ccr.pos i-icr. =c-?ri3ir.r r = = 
blood calls, pla-eUcs and/or crcceins. said 
deconcaniaacion resulting from exposure -.o 
elec-.r=rr.agnetic radiation of sufficient vavelenczr. 
and incensiry to inactivare viral and bacterial 
contamination in said composition. 

30 A subsrantially viraily and bacterially 

deconcaminated lyophilized composition comprising red 
blood cells, platelecs and/or proteins and containing 
inactive viral and/or bacterial contaminants vhicn 
have been deactivated by binding of the viral and/ or 
bacterial DNA or RNA to at least one chemical 
sens':-zer capable of selectively generating f re- 
radicals upon exposure to electromagnetic radiation, 
and bv exposing said bound sensitizer to 
electromagnetic radiation cf sufficient wavelength 

*r,T- a ne'--!od of time sufficient to 
and intensity and .or a ?e> -oq 

• • 7o- -o deactivate said RHA ana/or 

cause saiG sensiuize^ -a uc^'- 

2 0 DNA. 

31. A composition according to Claim 29 or 3 0 
comprising platelets; 

■ -^^^r, Aeca-d^na to Claim 29 or 30 

32. A composition acco-a-ntj 

comprising red blood cells. 

25 33 . A composition according to Claim 29 or 30 
comprising blood proteins. 

34. ■ A composition according to Claim 33 
comprising a clotting factor. 



35. A ccuiDosicion accordi-g 
cccnprisir.g piasuia proceir.s. 

36. A composition according to Claim 3] 
comprising blood protein extracts. 

37. A composition according to Claim 3 4 
comprising Factor VTII. 

38. A composition according to Claim 34 
comprising Factor IX. 



pcr/us9i/o 
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39. A rehydrated composition fonaed by 
rehydration of the composition of Claim 2 9 or 30. 

40. A rehydrated and washed composition formed bv 
vashing the composition according to Claim 39. 

41. A composition according to Claim 3 3 
comprising immune globulins. 

42. A composition according to Claim 3 3 
comprising servm albumin. 

43. A method of reducing viral and/or bacterial 
contamination in dried or reconstituted blood 
cellular matrer comprising red blood cells, and/or 
platelets, comprising the step of contracting said 
blood cellular matter with at least one chemical 
sensitizer selected from the group consisting of 
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. rhe fcrr.ulas: 





exposing, said cellular marter co radiation of 
sufficient wavelength and intensity for a period of 
time sufficient to cause said sensitizer to 
5 substantially reduce viral and bacterial 

conta:r.ination in said blood cellular matter. 

44. A method according to Claim 43 vherein said, 
cellular matter comprises erythrocytes. 



A method according to Claim 4 3 wherein 
10 cellular matter comprises platelets. 



said 



A *^ 



46. A method according to Claim 4 3 wherein said 
radiation comprises ultraviolet radiation. 

47. A method according to Claim 43 wherein said 
contamination comprises single- and/or double- 

15 stranded-type viruses. 
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49. A merhod according ro Claim 43 wherein 
sensitizer comprises a compound of the fornula 




50, A laethod according to Clain 43 vherein said 
sensitizer conprises a compound of the formula 




51. A process for reducing viral and/or bacterial 
and/or parasitic contamination in dried or 
reconstituted blood, matter comprising red blood 

10 cells, plasma proteins and/or platelets, comprising 
the step of contacting said blood matter with at 
least one radiation-sensitizing compound. 

52. A process according to Claim l vherein said 
radiation-sensitizing compound comprises a nucleic 

15 acid-binding compound. 
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cording zo Clai- l cr 2 vr.srs... 
-=d^a-ion sensi-izir.c cc-?cur.d ccr.pr.ses ^ - = -.a 



53 . A process ac 
said radia 
aeon 



5'. A process according to Claini 53 wherein saia 
5 metal atom coniprises 3r. 

55. A process according to Ciaia 53 wherein said 
metal atom comprises I. 

55. A process according to Claim 53 wherein said 
metal atom comprises Zn. 

process according ^o Claim 53 wherein said 
metal atom comprises Cl. 

53. A process according to Claim 53 wherein said 
metal atom comprises Ca. 

50. A process according to Claim 53 wherein said 
15 uieral atom comprises F. 

60 A method according toXlkim 51 wherein said 

compound is sensitized by penetrating, ionizing 
radiation. 



5, A in^tood according to Claim 51 wherain said 

20 compound is sansitizad by gamma radiation =r X-rays 

62 A method according to claim 52 uharain said 

radiation-sensitizing compound binds SKA. 

„ A method according to Claim 52 wherein said 

radiation-sensitizing compound binds DHA. 
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54. A .-nechod according zo Ciai.-a 51 vr.ereir. sa — 
conra-macicn ccr.prises and/or 2N'A-ccr.ca ir.ir.c 

viruses . 

65. A mecuou according zo claim 51 wherein sa^*-^ 
ccncanination comprises RNA- and/or DNA-concaininc 
bacteria . 

66. A method according to Claia 51 vherein said 
contanination comprises RNA- and/or DKA-containing 
parasites. 



67. A method according to Claim 53 wherein -said 
compound is sensitized by tuned, penetrating., 
ionizing radiation from a tunable radiation source 
capable of emitting selected wavelengths, 
•frequencies, and/or intensities of radiation/ 

63. A method according to Claim 67 wherein said 
tuned ionizing radiation comprises gamma-wavelength 
radiation, 

69. A method according to Claim 67 wherein said 
tuned ionizing radiation comprises X-ray radiation, 

70. A method according to Claim 67 wherein said 
tuned ionizing radiation is tuned to select 
particular wavelength, frequency and/or intensity 
ranges to optimize absorption of the radiation energy 
by said metal atom substituent of said radiation 
sensitizing compound. 



71. A method according to Claim 51 wherein said 
radiation-sensitizing compound., is coupled to a 
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ncr.cclcr.al ancibccy cr' pclyclcr.a 1 anzibcdiss di 
• bac-erial and/cr parasi^i- a.-.zir 



a=a i.-i - 



72. A T>echod according ca Clai- 7i vhereir. saic 
radia-icn-sansicizing cc::;?ound ccnprises a Hiecal 

73. A aethod according to Claims .71 cr 72 vhersi: 
said radiation sensitizing compound is acrivaced by 
penetrating, ionizing radiation. 

74. A uiethod according to Claia 73 wherein said 
10 ridiaticn conprises gaiiaa radiacion cr X-rays. 

75. A method according to Clain 71 -.-herein said 
antigens cciaprise viral surface epitopes or viral 
envelope proteins. 



76 . 



nethod according to Claim 71 wherein said 



15 antigens comprise bacterial surface epitopes. 

77. A method according to Clain 71 wherein said 
antigens comprise surface epitopes of blood- 
transmitted parasites. 

78 A method according to Claim 12 or 18 wherein 
20 said sensitizer comprises DNA-binding drugs. 

79 A method according to Claim 78 wherein said 
DNA-binding drug comprises a compound of the formula 
VI: 




H 
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31, k method according ro Claia 73 wherein said 
5 DMA-binding drug contains a aeral atom subsrituent. 

32. : A method according to Claim 73 wherein said 
DNA-binding radiation sensitizer is activated by 
ionizing penetrating radiation. 

83. A method according to Claim 82 wherein said 
10 ionizing radiation comprises gamma radiation or X- 

rays . 

84. A method according to Claim 12 or IS wherein 
said sensitizer comprises a DNA-bindi.ng protein, 
polypeptide, and/or peptide. 



15 



35. A method according to Claim 34 wherein said 
peptide is S2 peptide or BD peptide. 
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13 



So. A siewhcd according to Clai- 34 -T.ereir. said 
DNA-cir.ding protein, poiyoeptids, or peptide contai 
a metal atom substituent. 



A =^-^^dinq to Claim 84 wherein said 

DNA-binding protein, polypeptide, and/or peptide is 
activated by ionizing penetrating radiation. 

88. A metnod according to Claiia 37 wherein said 
ionizing radiation comprises gamma radiation or X- 
rays . 

39. A composition comprising cellular blood 
matter or blood proteins in Which viral, ba-cferial, 
or parasitic contaminants have been substantially 
inactivated according to the method of Claim 78. 

90. A composition comprising cellular blood 
matter or blood proteins in which viral, bacterial, 
or parasitic contaminants have been substantially 
inactivated according to the method of Claim 84. 
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V.n OaSERVATlOHS WM«R£ CERTAIN CLAIMS WERE FOUND UNSEARCHABLE* 



Tl.ii inierr*4tionji s«arcn reooit n^s nol oc«o csufiiitned m resocct ol Cf«Jin*cHimi under Article W(2) (41 ior me tono-.rtg reasons: 
l.Q CUim numoers . Decaus* mer (elate lo suoieci macier w noc reoui/eo lo oe sejreneo 6y iftts Auinonu. namety: 



1 Cln.m numoers . secauie met ftuit (0 o*ns oi me .niefnai.oftal aaoHcai.on tnii ao not como.y -.m t.-^e 3re,cf.oeo reoo.re. 

" rnents to sucn an cttcm mai no mejnmglul .niernat.Q«J* seaien can e« carneo out »^ loecmcaiiT: 



3. C3 Caim numoer3_ 



. &ec3us« ff>ey ar* oeoenoeni caims not era ft « tn aticsrcance witn tne secsnc ir.o sentcr.ces =: 



VI I_2 OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING » 
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I. Claims 1-11: fl .method of d econt ao: i n ^.t i ng r-od blood cellc- 

by wss.Mna, Class 433, subclass 5:. 

II. Claims 12-c:a.7-8.8lT88 : 

A a.ethoc of sterilizing a protein conpocition 
with the <sze of a checical i2r.s:ti:cr, Ci:i3s 
M3f, subclact i. 

HI. Ciai. A con,p = .itio. -i-t.riliz.c by e Uctronia=.n.t ic 

radiation, Class -VZS. s-.ibclciss £, ' 
ly. Claims 2<3-4£ l gi-gij. 

cczpociti CT. ctsril: = cd fcv use cf a checicai 

2sr.5iti-- = -', ClAiz ■■•.2Z, -subci;.:: 
y. Claim 43 (I;: A ncthoci z- f sterilizing blood cell-. .;it.-. 

c:-.es:i.-^l xtcri 1 : zcv, CI;:-- iubzl-— .L. 

VI. Clai™ A3 (II): A method cf sterilizing blood cell- with c. 

ch..-:=icil 'i : .1 .zo-. . Cia^i -^Z-J. .-.iccilc.:: I". 
'^II...Clai. 43 ;lll::ri =tc.-xz:;.c b:c.c c<.l:.. ^ 

chcnicil -rcrilizcr. Cla;= '-.ZZ, subclass .1. 
Vlll.Clai.-, 43 (IV): n method cf rtorilizinc blccJ cc-il. v.-i-r. c. 

chasicai it c-r i I 1 zcr, Cla:: ■■'.11 •_ -abc :. ; - .- 
I>:. Clair 43 (•;■>: f, method c f st^■rili-ing bl.od cc-llr w:t.-. a 

chenical st c-r i i i zcr, Class 435, -ubclass £. 

Claics MM-30 wiii be otanir.c-d t -. the. c-Ktcnt 
that they rsad upon the- inv3nti=n-z of Groups 
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X. Claims 51-52: A method cf f.terili:ing blood cells with a 

1 

chemical sterilizer, Class ^>35, subclass c:. 

XI. Claim 54: method of sterilizing blood cells with a 

chemicrvl storilizcr. Class 435, subclass ci. 

XII. Claim 55: A method of sterilizing blood cells with s 

chemical sterilizer, Class 435. subclass i:. 

XIII. Claim 56: A method of sterilizing blood cells with c 

chemical sterilizer, Class '':35, subclass 
XI'J. Claim- 57: rl method of sterilizing blood cells with, a 

chemical sterilizer, Class 'h35, z:-bclass i:. 

XV. Claim 53: « cethoc of st c-r i 1 i z i ng blcod cells with a 

chemical sterilizer, Class ^:35, subclass c;, 

XVI. Claim 5^ : A mcthoo of t er i 1 i z i ng blood ccllz with a 

chemical sterilizer, Class A35. subclass 
C:aim^ €-i?t-70 v:ill be c^'.amined to the Crxtcr*-: 
. t;;a" t.-:uv ra^c u-::; th^ i " v.-rr: t i . of Group. 
XJ-XVI. 

aVII, Claims 71-74 3h-£:S : 

p mc*;hc.:; of sterilizing blood cells with a 

chenizr/i iterilizsr attacl'ied to ar. antibody- 

Class 435, subclass '1. 
XVIII. Claim 75: A method of sterilizing blood C5ils with a 

chemical sterilizer attached to an antibody. 

Class -'135, subclass 3. 
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IXX.CUi. 7&: method of sterilising blood cells with 

cheniical sterilizer attached to an antibod,. 
Clacs 435, subclass £. 

XX. Claio 77: flaethodof st er i 1 i = i ng b 1 cod cc-ll.swith- 

chemical steriliser attached to ar. antibody 
Class 433', subclass 2. 

XXI. Claio, 7S: p. method of st eri 1 i = i ng 'bl ood ce 1 1 . .ith 

- chemical sterilizer, Cl-i-ne /I-t'^- ^ w , 

XXII. Clai« ae: A method of sterilisi.og blood ceils w.th. 

chofiiical sterili-or, Class 435, subclass J.". 
The- claims of these groups, although all drawn to st cr i I i i or 
n..3thods for blocd conpcncr.ts ar.d therefcrc, classified ir. fc:-.. 
similarclass and subclasces vary in scopc and chc.icai strv-rturc 
fro. each other. This necessitates different literature 

searches, because the scc^rch for one ••hen.ical scr.sitircr • 
not ,ncon,pas3 the search for a choaic^I sensitize.; . f 
g-up. PC7 Rules 13.1 and 13.2 do not provide for ...-.itipl. 
distinct meohods within a general inventive concept. 



